Hydrogenated resistant maltodextrin (H-RMD) is a dietary fiber whose energy value has not previously been reported. We evaluated the energy value of H-RMD. We conducted an in vitro digestion test, in vivo blood glucose measurement after ingestion, in vitro fermentability test, excretion test by rats and indirect calorimetry combined with breath hydrogen measurement for humans. H-RMD was hydrolyzed in vitro in a very small amount by human salivary amylase and by the rat small intestinal mucosal enzyme. Ingestion of H-RMD did not increase the blood glucose level of human subjects. An examination of in vitro fermentability suggested that H-RMD was fermented by several enterobacteria. Oral administration of H-RMD showed a saccharide excretion ratio of 42% by rats. A combination of indirect calorimetry and breath hydrogen measurement evaluated the metabolizable energy of H-RMD as 1.1 kcal/g in humans.
Resistant maltodextrin (RMD) is a well-known dietary fiber produced by roasting starch in the presence of a small amount of hydrochloric acid, with a subsequent enzymatic treatment and purification. 1, 2) RMD has been reported to have diverse beneficial physiological effects [3] [4] [5] [6] [7] [8] [9] [10] and is used as a source of dietary fiber for a variety of foods and as the functional ingredient in Food for Specified Health Uses (FoSHU) in Japan.
11) However, RMD has reducing ends in its chemical structure, so that it undergoes a browning reaction even after extensive purification. Visual appearance is considered to be one of the most important features to determine the value of foods. 12) The browning reaction limits the use of RMD in beverages that require transparency such as near-water drinks, or in foods for which a white appearance is valuable such as rice products.
In order to overcome this shortcoming of RMD, hydrogenated resistant maltodextrin (H-RMD) has been developed. H-RMD is produced by catalytic hydrogen reduction of the reducing ends of RMD to the sugaralcohol form. The browning reaction hardly occurs in H-RMD owing to the absence of reducing ends. Like RMD, H-RMD also falls under the definition of dietary fiber proposed by Kiriyama, i.e., ''Dietary fiber is an entirety of indigestible components in foods which are not digested by human digestive enzymes.'' 13) According to the international definition of dietary fiber approved by the Codex Alimentarius Commission in 2009, dietary fiber, other than edible carbohydrate polymers naturally occurring in the food, in addition to its property of being indigestible, should have beneficial physiological effects and must be approved by the agency.
14) H-RMD has been reported to have such beneficial physiological effects as improving intestinal regularity 15) and suppressing the postprandial blood glucose increase. 16 ) H-RMD is therefore a dietary fiber that satisfies the requirement defined by Codex. The amount of H-RMD can be analyzed by the enzyme high-performance liquid chromatographic (HPLC) method, which is the standard method for dietary fiber analysis in Japan, 17) consistent with the international analytical method of AOAC 2001.03. However, no substantial energy evaluation for H-RMD has so far been performed.
We examined in this study the in vitro digestibility of H-RMD by digestive enzymes, and the absorption of H-RMD in humans by measuring the blood glucose level after ingestion, the in vitro fermentability of H-RMD by enterobacteria, and the saccharide excretion ratio of H-RMD to feces after an oral administration to rats; these results would confirm whether or not H-RMD is a material with low digestibility and partially fermentable in the lower digestible tract, and whether undigested saccharide is excreted into the feces. We then evaluated the energy value of H-RMD by a combination of indirect calorimetry and breath hydrogen measurement in humans.
Materials and Methods
Determination of the digestibility of H-RMD by salivary amylase. Digestible maltodextrin, H-RMD, and RMD were dissolved in a 45 mM Tris-HCl buffer (pH 6.0) to prepare 0.05% sample solutions. Human salivary amylase was also dissolved in the 45 mM Tris-HCl buffer (pH 6.0) to prepare an adequately diluted enzyme solution. A 5-mL amount of each sample solution was mixed with 1 mL of the enzyme solution, and the mixture was incubated at 37 C. The enzymatic reaction was terminated by adding 0.1 mL of 1 mol/L of acetic acid to the mixture, and the amount of liberated reducing sugar was then measured by the Somogyi-Nelson method.
Determination of the digestibility of H-RMD to the rat mucosal intestinal enzyme. Digestible maltodextrin, H-RMD, and RMD were each dissolved in a 45 mM sodium maleate buffer (pH 6.6) to prepare 0.5% sample solutions. The crude enzyme solution was obtained by y To whom correspondence should be addressed. Tel: +81-72-771-2052; Fax: +81-72-771-2023; E-mail: hiroyuki-tagami@matsutani.co.jp homogenizing rat small intestinal acetone powder with the 45 mM sodium maleate buffer (pH 6.6). A 5-mL amount of the sample solution was then mixed with 1 mL of the adequately diluted crude enzyme solution, and the mixture was incubated at 37 C, before 0.4 mL of 1.5 mol/L of perchloric acid was added to the mixture to stop the enzymatic reaction. The amount of liberated glucose was then measured by the pyranose oxidase method.
Absorption of H-RMD by humans. This examination included 16 healthy adult male subjects (age, 34:7 AE 1:5 years; body weight, 60:4 AE 2:0 kg; mean AE SE) who had given written consent after having been well informed about the study. The subjects were instructed to finish their dinner by 21:00 on the previous night and avoid any intake of food or beverages, except water, until the start of the examination at 9:00 on the next day. The subjects were randomly assigned to 3 groups: the digestible maltodextrin group (ingestion of 50 g of digestible maltodextrin, n ¼ 5), H-RMD group (ingestion of 50 g of H-RMD, n ¼ 6), and RMD group (ingestion of 50 g of RMD, n ¼ 5). Each sample was dissolved in 200 mL of purified water just before ingestion. Immediately before ingestion (0 min), and 30, 60, and 120 min after ingestion, the fingertip was punctured with a finger-stick device to collect blood into a capillary tube for measuring the blood glucose level as an indicator of carbohydrate absorption. The blood glucose concentration was measured by the pyranose oxidase method.
Determination of H-RMD fermentability in vitro. The fermentability of H-RMD was evaluated by using 32 types of test bacteria (Table 1) . H-RMD, RMD, or glucose was mixed with a liquid PYF medium at the final concentration of 0.5%, and the mixture was sterilized by autoclaving for 20 min at 115 C to prepare the test sample medium. Each test bacterium was inoculated and preincubated with a GAM semi-fluid agar medium containing a Fildes solution at 37 C for 24 h. The medium was visually inspected for turbidity to confirm whether sufficient preincubation had been performed to prepare the test bacterium-inoculated medium. A 1.5-mL amount of each test sample medium was then mixed with 0.03 mL of the test bacterium-inoculated medium, and the mixture anaerobically incubated at 37 C for 96 h. The pH value of the medium was then measured. It is known that fermentation products of bacteria decrease the pH value of the medium. We therefore expressed the fermentability of each sample based on the pH value of the medium as follows: pH of less than 4.5 was rated as +++; pH at least of 4.5 and less than 5.0, as ++; pH at least of 5.0 and less than 5.5, as +; pH at least of 5.5 and less than 6.0, as AE; and pH at least of 6.0, as À. Anaerobic incubation was performed by using a Forma anaerobic incubator (Sanyo, Tokyo, Japan) ventilated with mixed gas (10% CO 2 , 10% H 2 , balanced N 2 ).
Saccharide excretion ratio of H-RMD by the rats. We examined the saccharide excretion ratio of H-RMD by the rats according to the method of Tsuji and Gordon. 18 ) Eighteen 12-week-old male Sprague Dawley (SD) rats were purchased from CLEA Japan (Tokyo, Japan) and were examined after one-week prebreeding. The body weight of rats at the time of examination was 410-440 g (428:6 AE 10:1 g; mean AE SE). The rats were housed in a room with temperature controlled to 25 AE 2 C and lighting from 7:00 to 19:00. The rats were assigned to 3 groups to have almost even mean body weight: the control group (orally given purified water), H-RMD group (orally given the 40% H-RMD solution), and RMD group (orally given the 40% RMD solution). The volume administered was 5 mL/body. Feces were collected from each animal for 72 h after administration. The feces were freeze-dried and the dry weight was measured. The dry feces were milled before measuring the saccharide content by the phenol sulfate method. The rats were allowed free access to the CE-2 diet (Clea Japan, Tokyo, Japan) and tap water during the examination period. The saccharide excretion ratio of H-RMD and RMD was calculated by subtracting the saccharide content of the control group from that of the H-RMD group or the RMD group, and subsequently dividing the difference between the control group and H-RMD or RMD group by the weight of the administered sample (2.0 g).
Evaluation of the energy value of H-RMD by a combination of indirect calorimetry and breath hydrogen measurement in humans.
This evaluation was performed in accordance with the method reported by Goda et al. 19) The examination involved 24 healthy adults (19 males and 5 females; age, 31:6 AE 5:1 years; body weight, 61:2 AE 9:4 kg; mean AE SE) who had given their written consent after having been well informed about the study. The subjects were instructed to finish their dinner by 21:00 on the previous night and avoid the intake of any food or beverages, except water, until the start of the examination. On the day of examination, the subjects came to the site for examination by 8:30, and measurement with a Vmax29 indirect calorimeter (SensorMedics, YorbaLina, CA, USA) was started. The measurement was performed for 15 min every hour for 8 h. During the measurement, the subject was in the supine position, and a transparent hood (canopy) was positioned over the head. The canopy was ventilated, and the ventilated air containing breath gas from the subject was monitored for its O 2 and CO 2 concentrations by the indirect calorimeter. The indirect calorimeter simultaneously monitored the O 2 and CO 2 concentrations in the ambient air outside the canopy. The difference between the expired gas and ambient air was used to automatically calculate and record the amount of O 2 consumed and the amount of CO 2 produced by the subject. Immediately after the 0 h measurement, the subject ingested one of the following: a 20% H-RMD solution, 10% digestible maltodextrin solution, or purified water (control). The volume of the sample ingested was 3 mL/kg, and three samples were ingested by each subject at intervals of 1 week or more. The total amount of urine excreted by each subject during 8 h of indirect calorimetry was collected for an analysis of urinary nitrogen by an NC-80 nitrogen analyzer (Sumitomo Chemical Industry Co., Tokyo, Japan). The energy from H-RMD at each point was calculated by using the Weir equation from the amount of O 2 consumed, CO 2 produced, and nitrogen content in the urine as follows:
where C is the energy from H-RMD, VO 2 is the oxygen consumed, VCO 2 is the carbon dioxide produced, and N is the nitrogen excreted into the urine.
The breath hydrogen level was simultaneously measured at 1-h intervals by using a TGA-2000HC expired hydrogen gas analyzer (Teramecs, Kyoto, Japan). Measurement of the breath hydrogen was continued throughout the 8 h of indirect calorimetry until 23 h after the start of the examination. Three and 6 h after the start of indirect calorimetry, the subject was given a special meal comprising a boiled egg, canned tuna, and tofu, which was almost free of carbohydrate, in order to reduce the stress caused by hunger. We had previously confirmed that this special meal did not affect the indirect calorimetry and breath hydrogen measurements.
Reagents. H-RMD (Fibersol-2H), RMD (Fibersol-2), and digestible maltodextrin (TK-16) were provided by Matsutani Chemical Industry Co. (Itami, Japan). The Tris buffer, and sodium maleate were purchased from Nacalai Tesque (Kyoto, Japan). Human salivary amylase (type IV-A) and rat intestinal acetone powder were purchased from Sigma-Aldrich (St. Louis, MO, USA). The pyranose oxidase method was performed with a Glucose CII Test Wako purchased from Wako Pure Chemical Industries (Osaka, Japan). Unless specified, the other materials used in this study were commercially purchased.
Ethics Committee. The study on humans was performed in accordance with the principles set forth in the Declaration of Helsinki and was approved by the Matsutani Chemical Industry Co. Ethics Committee. The study on animals was performed in accordance with the guidelines of Matsutani Chemical Industry Co. for the care and use of laboratory animals.
Statistical analysis. Each result is expressed as the mean AE SE. A comparison among the three groups was carried out by one-way ANOVA and subsequent Tukey test, and a comparison between two groups was carried out by Student's t-test. The statistical analysis was performed by using SPSS ver. 13.0J, differences of p < 0:05 being regarded as statistically significant.
Results

Digestibility of H-RMD
The results are shown in Fig. 1 . The digestibility of H-RMD and RMD with human salivary amylase and mucosal enzymes of the rat small intestine was very low when compared with digestible maltodextrin.
Absorption of H-RMD by humans
The results are shown in Fig. 2 . The ingestion of digestible maltodextrin resulted in an elevation of the blood glucose level which reached a peak of 128 mg/dL 60 min after ingestion. However, the ingestion of H-RMD or RMD caused no significant elevation in the blood glucose level.
Determination of H-RMD fermentability in vitro
The results are shown in Table 1 . Enterobacteria that fermented H-RMD above the AE level were B. ovatus JCM 5824, B. thetaiotaomicron GAI #5628 and B. uniformis GAI #5466, which are all Bacteroides, and B. adolescentis CIFL N0042 and B. dentium CIFL N0121, which are Bifidobacteria, and Ruminicoccus productus JCM 1471. The bacteria that could ferment H-RMD were approximately identical to those for RMD, and the degree of fermentability of H-RMD was similar to that of RMD. However, B. breve CIFL N0078, which Digestible maltodextrin, H-RMD, RMD. The examination involved 16 healthy male adults. The subjects were randomly assigned to 3 groups, i.e., digestible maltodextrin group (ingestion of 50 g of digestible maltodextrin, n ¼ 5), H-RMD group (ingestion of 50 g of H-RMD, n ¼ 6), and RMD group (ingestion of 50 g of RMD, n ¼ 5). A blood sample was collected from the fingertip, and the blood glucose concentration was measured by the pyranose oxidase method. Different letters indicate significant difference among the three groups at the same measurement time by the Tukey test (p < 0:05). 
H-RMD, RMD, or glucose was mixed with liquid PYF medium at the final concentration of 0.5% and was sterilized by autoclaving. Each test sample medium was mixed with the test bacterium-inoculated medium, followed by anaerobic incubation at 37 C for 96 h. After the anaerobic incubation, pH of the medium was measured. Fermentability was determined as described in Materials and Methods.
is Bifidobacterium, didn't ferment H-RMD, although it fermented RMD. Table 2 shows the dry weight and saccharide content in the feces, and the saccharide excretion ratio for each group. The total saccharide content was higher in the H-RMD and RMD groups than in the control group. The saccharide excretion ratio of H-RMD was 42%, which was slightly higher than that of RMD (38%), although the difference was not significant. Figure 3 shows the time-course characteristics of energy produced from digestible maltodextrin and H-RMD. The values measured are expressed as the difference (Á) from the mean control value (water ingestion). Following the ingestion of digestible maltodextrin, a large peak for the energy was recorded during the 0-3 h period, and the energy production was almost complete by 8 h. After the ingestion of H-RMD, on the other hand, no peak for the energy was apparent during the 0-3 h period, although a small peak appeared after 3 h. Figure 4 shows the results for breath hydrogen measurement during 23 h after H-RMD ingestion. The results are expressed as Á ppm, i.e., the difference between the breath hydrogen level after purified water ingestion and that after H-RMD ingestion. The breath hydrogen began to increase from 2 h, and reached the peak of 26 ppm at 4 h. It thereafter decreased gradually, returning to the baseline level at 15 h. Breath hydrogen after ingesting purified water or digestible maltodextrin was slightly elevated (data not shown). Measurement was not possible for the period of 15-21 h, because the subjects slept during this time. The breath hydrogen level was higher than the baseline when the subjects got up the next morning, although the increase was only a little and soon returned to the baseline level.
Saccharide excretion ratio of H-RMD by rats
Evaluation of the energy value of H-RMD by a combination of indirect calorimetry and breath hydrogen measurement with humans
We calculated the energy value of H-RMD by using the model in the report by Goda et al., 19) the energy from RMD (iCðtÞ) is expressed as the sum of the energy from the digestible fraction (iC ac ðtÞ) and that from the fermentable fraction (iC fc ðtÞ) according to equation (1):
The digestible fraction was the available carbohydrate absorbed via the small intestine, and the fermentable fraction was the fermentable carbohydrate absorbed as short-chain fatty acids produced by fermentation in the large intestine. The time-course characteristics for iC ac ðtÞ can be approximated from that of digestible maltodextrin (iC md w ðtÞ), and the time-course characteristics for iC fc ðtÞ can be approximated from the breath hydrogen concentration of RMD (iH rmd w ðtÞ). The adoption of the proportionality constants 1 and 2 can convert equation (1) into equation (2), where iCðtÞ is changed to iC rmd w ðtÞ: 19) using a Vmax29 indirect calorimeter. Measurements were performed for 15 min every hour. The indirect calorimeter measured the amount of O 2 consumed and the amount of CO 2 produced by the subject and automatically recorded the data. Immediately after the 0 h measurement, the subject ingested one of the following: a 20% H-RMD solution, 10% digestible maltodextrin solution, or purified water (control). The volume of the sample ingested was 3 mL/kg. The total amount of urine excreted by the subject during 8 h of indirect calorimetry was collected for an analysis of urinary nitrogen by an NC-80 nitrogen analyzer. These data were used to calculate the energy from H-RMD at each point by the Weir equation described in the Materials and Methods section. where 1 indicates the proportion of RMD available as carbohydrate, and 2 describes the relationship between the energy production and the appearance of hydrogen gas in the breath. If the equation (2) is used to obtain the energy from H-RMD, since H-RMD contained no digestible components, the first term on the right-hand side of equation (2) can be eliminated. In fact, no energy peak was apparent during the 0-3 h period (Fig. 3) , indicating that there was a time lag between the beginning of fermentation and the beginning of oxidation of the short-chain fatty acids produced by fermentation. Equation (2) can be rewritten as equation (3), where the time lag is denoted by t lag :
When a regression analysis by the least-squares method was performed with the result from the 8 h measurement of iC h-rmd w ðtÞ (the energy from H-RMD at t, Fig. 3 ) and iH h-rmd w ðt þ t lag Þ (the hydrogen concentration at t þ t lag , Fig. 4) , the best correlation was obtained at t lag of 2 h (r ¼ 0:83, p ¼ 0:003), and 2 (the coefficient of correlation) was calculated to be 0.00253. With this 2 value and the data for 23 h measurement of breath hydrogen (Fig. 4), equation (3) can be used to estimate the timecourse characteristics for the energy from H-RMD, as shown in Fig. 5 .
We calculated from Fig. 5 the area under the curve (AUC) of H-RMD and digestible maltodextrin by the trapezoidal method, and found that the percentage of the former AUC to the latter AUC was 41.7%. According to Goda et al., this value represents the percentage of fermentable carbohydrate contained in H-RMD, and the metabolizable energy (ME) and net metabolizable energy (NME) of H-RMD were calculated as follow: 
Discussion
Growing health awareness has recently made people conscious of the increase in obesity or metabolic syndrome; 20) low-calorie foods are now receiving greater attention as a result. Dietary fiber is a wellknown low-calorie ingredient and has been used in numerous low calorie foods. In this scenario, the energy value of the dietary fiber becomes an important factor to characterize its property.
About two decades ago, dietary fiber was considered to possess a zero energy value because it is hardly digested and absorbed by the human body. However, it has been revealed that short-chain fatty acids, which are produced as a by-product from the fermentation of dietary fiber by enterobacteria, contribute to the energy supply for the human body. 21, 22) Nakamura et al. have reported that the energy value of dietary fiber can be evaluated on the basis of its fermentability. 23) Dietary fiber having high fermentability provides high energy, while non-fermentable dietary fiber provides no energy as it is completely excreted from the body. Oku et al. have classified fully fermentable dietary fiber as 2 kcal/g based on stoichiometric considerations. 24) FAO have recommended the energy conversion factor of 2 kcal/g (8.5 kJ/g) for dietary fiber.
25) The classification proposed by Oku et al. therefore appears to be consistent with the global consensus. They also mentioned that an individual evaluation should be made for partially fermentable dietary fiber. Fermentability can be examined for this purpose by using the material balance test; however, it is necessary to analyze the amount of undigested and unabsorbed material in the feces, so the material balance test may not be appropriate for all laboratories. Food Standards Australia New Zealand (FSANz) has presented a guideline for food energy evaluation necessary for their approval: 26) this states that any appropriate method other than the material balance test would be acceptable for the energy evaluation of foods. This policy appears to be practical, when considering the diversity of food materials.
Several methods have been reported for the energy evaluation of food material, 27) other than the material balance test, e.g., direct and indirect calorimetry, breath hydrogen measurement, and the energy balance test. In addition, data from the in vitro fermentation test and in vivo animal test are thought to provide useful reference information for food energy evaluation. We believe that we could perform an evaluation comparable to the material balance test by a combination of the multiple methods just described.
H-RMD is a dietary fiber developed to improve the browning reaction of RMD. H-RMD is produced by converting the reducing ends of RMD to a sugar-alcohol form. H-RMD has been reported to have beneficial physiological effects, and is used as a functional ingredient for FoSHU, its safety and efficacy being recognized and approved by the agency in Japan. Hayashi et al. 16) have reported that when the physical Digestible maltodextrin, H-RMD. Energy production was estimated in accordance with Goda et al. 19) Using equation (3) described in the Results section, a regression analysis by the leastsquares method showed that the best correlation was obtained at t lag of 2 h (r ¼ 0:83, p ¼ 0:003), and 2 (the coefficient of correlation) was calculated to be 0.00253. The estimated time-course plot of the energy from H-RMD was drawn with this 2 value and the data in Fig. 4. properties of H-RMD were compared with those of RMD, there were no differences in osmotic pressure, molecular weight distribution, or dietary fiber content. They concluded that, while H-RMD is produced by catalytic hydrogen reduction of RMD, RMD does not undergo any molecular change of decomposition or condensation, and the properties of the dietary fiber remain unaffected. We could therefore assume an energy value for H-RMD of 1 kcal/g, which is identical to that for RMD, although no substantial energy evaluation for H-RMD has been reported.
H-RMD in the present study was not hydrolyzed in vitro by salivary amylase or rat small intestinal mucosal enzymes, and the ingestion of H-RMD did not result in any blood glucose elevation in humans. These results suggest that H-RMD was neither digested nor absorbed in human upper gastrointestinal tract. We then examined the fermentability of H-RMD in vitro. H-RMD was fermented by several types of enterobacteria, and this result suggests that H-RMD could be fermented in the colon, resulting in the production of short-chain fatty acids and providing energy to the body. Such a metabolic fate is identical to that of RMD. 19) We next evaluated the saccharide excretion ratio after orally administering H-RMD to rats and found that 42% of saccharide was excreted into the feces. Tsuji and Gordon have reported that the saccharide excretion after a digestible dextrin administration was the same amount as that from administering purified water. 18) We also confirmed this in a previous experiment (data not shown). Since excreted saccharide provides no energy to the body, our experimental results indicate that the energy of H-RMD would be lower than that of digestible dextrin.
It is well known that long-term ingestion of dietary fiber induces adaptation. The degree of adaptation is thought to vary over a wide range based on the type of dietary fiber and the microflora of the host. We found in a previous experiment that 2 successive weeks ingestion of RMD showed almost the same saccharide excretion ratio as that from a single administration and we concluded that this type of dietary fiber would hardly induce adaptation in rats (data not shown). So we carried out this experiment with a single oral administration.
We subsequently evaluated the energy of H-RMD in humans by using a combination of indirect calorimetry and measurement of breath hydrogen. Since fermentation in the colon is a slow process, continuous measurement over a long period would be needed. However, if the activity of the subjects is restricted for a long period due to indirect calorimetry, they would experience marked stress. A room calorimeter would not cause such stress; however, it is a special device and can be only used at very limited facilities. 28) In order to overcome this shortcoming, Goda et al. have developed a new method in which indirect calorimetry with the canopy system is combined with breath hydrogen measurement. They shortened the time needed for indirect calorimetry to 8 h and reduced the stress on the subjects due to restricted activity. Furthermore, they measured the breath hydrogen for about 24 h. The expired gas contains hydrogen formed during fermentation in the colon; therefore, the breath hydrogen measured could be used as an indicator of the degree of fermentation in the colon. They performed a statistical analysis to determine the correlation between the energy from the fermentable part of RMD and the hydrogen concentration in the breath during the 8-h period, and obtained the correlation coefficient 2 . They used this parameter to evaluate the energy from the fermentable part of RMD during a 24-h period. We evaluated the energy of H-RMD according to their method. The ME value of H-RMD was evaluated as 1.1 kcal/g, and of NME as 0.8 kcal/g. These values are lower than those reported previously for RMD, 19 ) ME for RMD being 7.3 kJ/g (1.7 kcal/g) and for NME being 6.3 kJ/g (1.5 kcal/g). It has also been reported that ME for the fiber fraction of RMD was 5.2 kJ/g (1.2 kcal/g) and of NME was 4.1 kJ/g (1.0 kcal/g), 19 ) these values being close to those for H-RMD.
We have concluded from these results that H-RMD was not digested or absorbed in the upper gastrointestinal tract and was fermented in the colon to produce short-chain fatty acids which provided a certain amount of energy lower than that from RMD.
